A collection of Vibrio cholerae non-O1 isolated from the aquatic environs of Calcutta, a cholerahyperendemic area, were examined for the production of cholera toxin (CT), Shiga-like toxins (Vero toxins), heat-stable enterotoxin, and hemolysins. Two (0.5%) V. cholerae non-O1 isolates produced CT. The DNA from both these isolates also hybridized with a DNA probe containing sequences encoding the A subunit of CT. None of the strains produced Shiga-like toxins or heat-stable enterotoxin. Hemolytic activity was observed in 89.7% of the strains, of which 36.1% exhibited biological activity in the suckling mouse. However, none of them produced a hemolysin that cross-reacted with the thermostable direct hemolysin of Vibrio parahaemolyticus. It appears from this study that a small percentage of environmental V. cholerae non-O1 strains do possess the potential for causing cholera-like diarrhea.
In the epidemiology of cholera, the role, if any, of naturally occurring environmental Vibrio cholerae is not clearly understood. Some workers believe that aquatic reservoirs of V. cholerae might be the mechanism by which cholera endemicity is maintained in a given area and that the aquatic reservoir is probably the vehicle for primary transmission of infection (2, 8) . This proposal has gained credence with the sporadic isolations of V. cholerae 01, the epidemic serovar, from the environment (2, 5) . The enigma, however, is that contrary to what might be expected from a reservoir, isolations of the 01 serovar of V. cholerae from the environment are few and far apart, and those that have been isolated are invariably nontoxigenic.
Against this background, we initiated a comprehensive ecological study of V. cholerae in Calcutta, an area often referred to as the traditional home of cholera. Our rationale was that if V. cholerae, specifically the 01 serovar, has an aquatic reservoir, then the environs of Calcutta should yield the organism, since cholera is still the principal cause of hospitalization in this area. Despite intense efforts, we were unable to isolate "culturable" V. cholerae 01 during a year-long investigation (10). However, V. cholerae non-O1 was isolated in exceptionally high numbers during a major part of the study period.
To determine whether the environmental non-O1 V. cholerae strains possess the potential for causing cholera or related diarrhea and serve as environmental reservoirs of the virulence factors, we investigated whether the collection of V. cholerae non-O1 isolates elaborate any of the already reported enteric toxins, such as cholera toxin (CT) (18, 19) , Shiga-like toxins (Vero toxins; VT1 and VT2) (13, 14) , heat-stable enterotoxin (1), and hemolysins (11, 17, 20) .
A total of 371 strains of V. cholerae non-O1 isolated between July 1984 and June 1985 were included in this study. Phenotypic characterization of these strains has been reported elsewhere (9) . None of the strains agglutinated with polyvalent 01 or monospecific Inaba and Ogawa antisera.-Of the 113 strains sent for serotyping from this collection, 84.1% could be serotyped by the Louisiana State University serotyping scheme for V. cholerae non-O1 (10). The isolates were maintained in nutrient agar stabs, and care was taken not to subculture the isolates more than once.
The media used for production of the various toxins are presented in Table 1 . The isolates were seeded directly from nutrient agar stabs into the required medium and incubated at 37°C in a water bath for 24 h. For production of CT, the cultures were incubated at stationary phase, whereas for the other toxins, the cultures were incubated under constant agitation. Broth cultures were centrifuged at 3,500 x g for 30 min in the cold, and the resulting supernatant was assayed for the presence of toxins.
To test for the production of toxins, a recently developed, highly sensitive sandwich enzyme-linked immunosorbent assay (ELISA) which uses polystyrene beads (6-mm diameter) as the solid phase (bead-ELISA) was used (15a). For the preparation of anti-toxin, purified toxins, such as CT (15) , Shiga-like toxin I (VT1) (12), Shiga-like toxin II (VT2) (21) , and thermostable direct hemolysin from Vibrio parahaemolyticus (4), were used. Briefly, for performing the assay, 0.25 ml of the sample was mixed with 0.25 ml of 0.01 M sodium phosphate buffer (pH 7.0) containing 0.01 M NaCl, 0.1% bovine serum albumin, and 0.1% NaN3 (buffer A) in a small test tube, and a polystyrene bead coated with antitoxin immunoglobulin G (IgG) was introduced into the mixture. This was incubated at 37°C for 1 h, and then the bead was washed twice with 0.01 M sodium phosphate buffer (pH 7.0) containing 0.1 M NaCl (buffer B). The bead was subsequently incubated at 37°C for 1 h with 0.5 ml of Fab'-horseradish peroxidase conjugate (200 ng/ml) in buffer B containing 2% bovine serum albumin. The bead was then transferred to another tube after being washed twice in buffer B. The bead with bound horseradish peroxidase was incubated with 0.6 ml of 0.56 mM 3,3',5,5'-tetramethylbenzidine solution at 30°C for 5 min. Subsequently, 0. (11) Of the strains which showed hemolytic activity. 70 (36.1%) also caused rapid fluid accumulation in suckling mice.
The sensitivity of the bead-ELISA was as follows: less than 6 pg/ml for CT, less than 60 pg/ml for Shiga-like toxin I, less than 20 pg/ml for Shiga-like toxin II, and less than 20 pg/ml for thermostable direct hemolysin (15a) .
The conventional suckling mouse assay was used as previously described (16) to examine for production of heat-stable enterotoxin. For determination of hemolytic activity, washed rabbit erythrocytes were diluted to a final concentration of 1% in 10 mM phosphate buffer (pH 7.0) containing 1.3% NaCl, mixed 1:1 with culture supernatant, and incubated at 37°C for 1 h, and the mixture was subsequently centrifuged at 1,000 x g for 5 min. The amount of released hemoglobin in the supernatant fluid was measured spectrophotometrically at 540 nm.
Of the 371 V. cholerae non-01 isolates examined, two strains produced detectable amounts of CT. We confirmed this by an absorption assay using the bead-ELISA. In this assay, each sample was preincubated at 37°C for a total of 30 min with rabbit anti-CT IgG and with normal rabbit IgG before the assay was performed. A decrease in optical density was observed in the sample treated with anti-CT IgG compared with that treated with normal rabbit IgG, confirming that the strains produced CT.
The two V. cholerae non-01 isolates were further screened for the presence of genes encoding CT by hybridization with a recently developed CT probe. A 554-base-pair XbaI-ClaI fragment from the plasmid pCVD27, which encodes 94% of the genes encoding the Al peptide of CT (J. B. Kaper, J. G. Morris, Jr., and M. Nishibuchi, in F. C. Tenover, ed., DNA Probes for Infectious Diseases, in press), was used as the CT probe, and hybridization was performed under stringent conditions, as described elsewhere (7). DNA from both the isolates hybridized with the CT probe, thereby confirming the genetic constitution of the two CT-producing environmental V. cholerae non-01 isolates.
None of the V. cholerae non-01 isolates examined in this study produced Shiga-like toxins (VT1 and VT2) or hemolysin that cross-reacted with thermostable direct hemolysin (Table 1) . Of the V. cholerae non-01 strains examined, 70 (36.1%) produced a factor in the culture supernatant that was active in the suckling mouse assay. However, the activity in all supernatants was lost upon heating at 100°C for 5 min, indicating that this factor was not similar to the heat-stable enterotoxin reported previously (1) . Of the 194 strains screened for hemolytic activity, 174 (89.7%) elaborated hemolysin (Table 1) . Incidentally, all strains which showed fluid accumulation in the suckling mouse assay were also positive for hemolytic activity. The El Tor-like hemolysin of V. cholerae non-01, which is reportedly heat labile (17), has recently been described as an enterotoxic factor which can induce fluid accumulation in the ligated intestinal loop of adult rabbits, in infant rabbits (intraintestinal administration), and in suckling mice (oral inoculation) (6) . The fluid accumulation in the suckling mice observed in this study is probably due to the El Tor-like hemolysin.
The ability of V. cholerae 01 and non-01 serovars of clinical origin to elaborate CT and a variety of hemolysins is well documented. In contrast, information on the enteropathogenic potential of the environmental counterparts of V. cholerae is scant. From this study, it appears that few environmental V. cholerae non-01 strains do possess the potential for causing cholera. However, the role of such strains in the epidemiology of cholera or as an environmental reservoir of toxigenic V. cholerae is not clear. Molecular epidemiological studies, however, have revealed that toxigenic V. cholerae non-01 serovars are distinctly different from their toxigenic V. cholerae 01 counterparts and that the former represent a separate reservoir of cholera enterotoxin genes along the U.S. Gulf Coast (7). Clearly, further investigations using a polyphasic approach are required to understand the role of toxigenic environmental V. cholerae non-01 strains in the epidemiology of cholera in Calcutta.
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